We present the results of our study on 16 Cretaceous granitoid plutons along the south-east coast of continental China. The zircon U-Pb ages and the bulk-rock Rb-Sr isochron age (R 2 = 0.935) indicate that the granitoids represent the last episode of magmatism (119-92 Ma) associated with the paleo-Pacific Plate subduction beneath continental China. These granitoids show large compositional variation that is to a first-order consistent with varying extents of magma evolution, which is best expressed by a large SiO 2 /MgO range and correlated trends of SiO 2 /MgO with the abundances and ratios of major and trace elements. The correlated Nd (εNd (t) = −6.1 to −1.2) and Hf (εHf (t) = −4.7 to +3.4) isotopic variation reflects parental magma compositional differences as a result of varying sources and processes. The Nd-Hf isotope data indicate that these granitoids were produced by mature continental crust melting with significant mantle input (~20-60%). Rhyolite-MELTS modelling shows that relative to the less evolved (i.e., low SiO 2 /MgO) granitoid plutons, the progressively more evolved (i.e., varying larger SiO 2 /MgO) plutons can be explained by varying extents (~24% to 67%) of fractional crystallization. The origin of the magmas parental to the granitoids is best explained by a two-stage process: (a) subducting slab dehydration-induced mantle wedge melting for basaltic magmas and (b) ascent and underplating/intrusion of the basaltic magmas caused the mature crustal melting for the granitoid magmas.
in the mantle transition zone, whose dehydration provided the water that weakened and thinned the mantle lithosphere with the resulting basaltic magmatism responsible for the intra-plate granitoids. However, the granitoids along the south-east coastline are predicted to have directly derived from the overlying crust caused by mantle wedge basaltic magmatism in response to subducting slab dehydration at the time of, or shortly beforehand, the subduction cessation due to the trench jam by an oceanic plateau/microcontinent (the present-day Chinese continental shelf basement) at ca. 100 Ma (Niu et al., 2015) .
The significance of this hypothesis is multifold, and its testing will offer new perspectives on the petrogenesis of granitoids in general and, more specifically, the Mesozoic geology of the western Pacific and eastern Eurasia in a global context. A testable aspect of the hypothesis is that the aforementioned "intra-plate" granitoids and the "subducting"-induced coastal granitoids have different sources and magma evolution histories. These differences must be recorded in the petrology and geochemistry of these granitoids. Here, we report new geochemical data on the granitoids from the south-east coast of continental China with their age dating results, aiming to (a) explain the petrogenesis of these granitoids; (b) discuss their tectonic implications; and (c) build the basis for comparison with those "intra-plate" granitoids in the interiors of eastern continental China.
| GEOLOGICAL BACKGROUND AND PETROGRAPHY DESCRIPTION

| Geological background
The south-east coast of continental China was once located at an active continental margin of the paleo-Pacific Plate subduction in the Mesozoic (Figure 1a ; Niu et al., 2015; Zhou et al., 2006) . The Zhenghe-Dapu shear zone (ZDSZ) and Changle-Nan'ao shear zone (CNSZ) are two main NE-striking faults in the south-east FIGURE 1 (a) Simplified geological map of major tectonic units in south-east continental China (after Chen, Lu, Lin, & Lee, 2006) ; (b) simplified geological map of south-east continental China, showing the distribution of granitoids and our sample localities along the coast region (after Niu, Shen, Shu, Sun, & Zhou, 2006; Sun, 2006) . ZDSZ means Zhenghe-Dapu shear zone; CNSZ means Changle-Nan'ao shear zone [Colour figure can be viewed at wileyonlinelibrary.com] coastal region of our study (Figure 1b; Shu, Yu, & Wang, 2000; Wang & Shu, 2012; Wang, Sun, Chen, Ling, & Xiang, 2013) . Our study is focused on the granitoids along, and in the vicinity of, the CNSZ ( Figure 1b ).
| Petrography
We collected representative samples from 16 granitoid plutons along the south-east coastline of continental China (Figure 1b ). These samples included granodiorite, biotite granite, biotite monzogranite, monzogranite, and alkali feldspar granite. The sample and petrographic details are given in Table 1 .
The granodiorite consists of quartz, plagioclase, alkali feldspar, amphibole, biotite, and accessory minerals (e.g., Fe-Ti oxides, zir- Si as the internal standard. The zircon standard 91500 (Wiedenbeck et al., 1995) was used for quality control (QC) to correct for instrumental drift. The offline data processing was done using ICPDataCal10.4 (Liu et al., 2010) . Isoplot 3.0 (Ludwig, 2003) was used for plotting concordia diagrams and calculating the weighted mean ages.
| Major and trace elements
The whole-rock major element analysis was done using a Leeman Prodigy inductively coupled plasma optical emission spectroscopy (ICP-OES) system at China University of Geosciences in Beijing (CUGB) with FIGURE 2 Photomicrographs (in cross-polarized light) of the granitoids, with (a) showing the contact of a finer-grained MME (FJS14-06MME) with the host granodiorite (FJS14-06host); (b)-(e) showing the mineralogy and textures of the granite samples (FJS14-06host, and (f) precisions better than 1% for most elements except for TiO 2 (~1.5%) and P 2 O 5 (~2.0%; Song et al., 2010) . Loss on ignition (LOI) analysis was measured by placing 0.9-to 1.1-g sample in the furnace at 1000°C for 4-5 hr before being cooled in a desiccator and reweighted.
The whole-rock major element compositions of FJS14-06MME were analysed at OLMD using an Agilent 5100a ICP-OES instrument.
Fifty milligrams of dry rock powder was weighed and fused using 5 times flux sodium metaborate in a platinum crucible. The platinum crucible was placed in the muffle furnace at 1050°C for 60 min before being heated on the Bunsen burner. The molten sample was then poured quickly into a beaker with 5% HNO 3 . Finally, the sample solution was diluted to~100 g in a polyethylene bottle for analysis. Precisions for all major elements based on rock standards STM-2, RGM-2, and W-2 are better than 2%.
Trace element analysis was done using an Agilent 7900 ICP-MS at OLMD. We digested/dissolved 50-mg rock powder with 1-ml Lefort aqua regia solution and 0.5-ml HF in a Teflon beaker and then placed the beaker with the resulting solution with a high-pressure metal "bomb" in an oven at 190°C for 15 hr. After cooling down, the beaker was kept open on a hotplate at 130°C to incipient dryness before 1-ml HNO 3 was added, and then, the mixture was evaporated to incipient dryness. This was followed by adding 1-ml HNO 3 and 4 ml of ultra-pure water in the same beaker to be redissolved using the bomb for 2 hr. Finally, the sample solution was diluted to 100 g with 2% HNO 3 in a polyethylene bottle for analysis (Chen et al., 2017) . The analytical precision was better than 5%, and the accuracy was generally better than 10% for all elements but Be (12%).
| Mineral compositions
We chose plagioclase with concentric zoning for major element analysis in the laboratory of Langfang Institute of Regional Geological Survey using a JEOL EPMA-8230 electron-microprobe (EMP) with a beam size of 5-μm diameter, at 15-kV and 20-μA beam current.
| Whole-rock Sr-Nd-Hf isotopes
The whole-rock Sr-Nd-Hf isotopic compositions were analysed using a Nu Plasma HR multi-collector inductively coupled plasma mass spectrometry (MC-ICP-MS) system in the Radiogenic Isotope Facility at the University of Queensland (RIF-UQ), Australia with sample preparation and analytical details given in Guo et al. (2014 
| RESULTS
| Zircon U-Pb ages
Zircon U-Pb age data for the Zhao'an (FJS14-01), Xiamen (FJS14-08),
and Putian (FJS14-13) plutons are given in Table A1 and presented in Fig (Figures 3a-c) . Zircons from the Zhaoan pluton (FJS14-01) have varying Th and U with a Th/U ratio of 0.19-1.01 (Table A1) U age of 117.6 ± 1.6 Ma (n = 6; MSWD = 0.97; Figure 3e ) after rejecting the discordant data. This age is similar to the age of 114.8 ± 1.8 Ma in the literature (Yang et al., 2018) . Zircons from the Putian pluton (FJS14-13) also have varying Th and U, with a Th/U ratio of 0.69-2.63 (Table A1) Figure 3f ).
Our zircon U-Pb ages and the zircon U-Pb ages from the literature (Table A2) indicate that the magmatism occurred at 119-118 Ma (2 samples), 111-108 Ma (3 samples), and 103-92 Ma (11 samples). In fact, these zircon U-Pb ages on the selected samples are consistent with the whole-rock Rb/Sr isochron age of 100 ± 2 Ma, representing the mean emplacement age of these granitoid plutons (see Figure 7g ).
| Major and trace elements
Whole-rock major and trace element data are given in Tables A3 and   A4 . The granitoids show a large compositional variation that is to a first-order consistent with varying extents of magma evolution as shown by a large SiO 2 /MgO range (17-2,082; Figure 4 ). With the increase of SiO 2 /MgO ratio, the granitoids are progressively more evolved and can be divided into three groups for the convenience of 
| Plagioclase compositions
The data are given in Table A5 . Plagioclase from two granodiorite host-MME pairs (FJS14-06host-MME; FJS14-17host-MME) was analysed to 
| Whole-rock Sr-Nd-Hf isotopes
Whole-rock Sr-Nd-Hf isotopic compositions are given in Table A6 .
The correlated Nd (εNd (t) = −6.09 to −1.158) and Hf (εHf ( gives a significant (>99% confidence level) isochron age of 100 ± 2 Ma (Figure 7g ), representing the mean emplacement age of the granitoids. Zhou and Li (2000) reported that the granitoids are progressively younger from the interior towards the south-east coast of continental China. However, Li and Li (2007) argued that the temporal-spatial distribution of the magmatism is more complex. Sun (2006) and Zhou et al. (2006) showed that the Cretaceous granites are distributed in a very large area of the Cathaysia Block, which is~1,000 km long and 500 km wide, rather than liner distribution along the coastline. et al., 2015) . This understanding leads to the hypothesis that the coastal granitoids are immediately "subduction" related and differ from those "intra-plate" granitoids in the interiors of eastern continental China.
| DISCUSSION
| Temporal-spatial distribution
Indeed, the coastal granitoids we report here have significantly greater mantle input than the "intra-plate" granitoids (Hong et al., 2018) .
| Petrogenesis
| Host and MMEs
Samples FJS14-06host and FJS14-06MME of the Changtai pluton and εHf (t) (−0.92; −0.55) isotopic ratios (Table A6 ; Figures 7a-d), indicating that they share the same parental magma (Chen et al., 2016; Chen et al., 2017) . Their small differences in major and trace element abundances are controlled by the model mineralogy with the MMEs having greater modal amphiboles crystallized at early stage of the same system. This is also consistent with the MMEs having higher plagioclase An than that of the host (Table A5 ).
| Genetic relationship between the coastal granitoids
Although previous studies agreed that the petrogenesis of the coastal granitoids involved significant crustal material, different views exist, including that (a) the granitoids were formed by different degrees of FIGURE 6 Photomicrographs (in cross-polarized light) showing small compositional variation (in terms of the An value defined as Ca/(Ca + Na); electron probe analysis) of selected plagioclase crystals in representative samples as indicated (samples FJS14-06MME, FJS14-06host, FJS14-17MME, and FJS14-17host, respectively, in panels [a-d], respectively) [Colour figure can be viewed at wileyonlinelibrary.com] fractional crystallization of magmas produced by crust-mantle interaction (Qiu et al., 2004; Qiu et al., 2008) ; (b) these granitoids were crystallized from magmas formed by the partial melting of prior tonalitic to granodioritic rocks (Zhao, Qiu, Liu, & Wang, 2015) ; and (c) mantlederived mafic magmas mixed with crust-derived magmas (Zhao et al., 2016) . However, most of these previous studies focused on single plutons or composite granitoid complexes without along-coast regional The correlated Nd (εNd (t) = −6.1 to −1.2) and Hf (εHf (t) = −4.7 to +3.4) isotopic variations ( Figure 7b ) between samples reflect their parental magma compositional differences inherited from varying sources and processes. Figure 7c -d shows that there is mantle contribution to the granitoids, a scenario that has long been recognized (Deng et al., 2016; Li et al., 2014; Li, Qiu, & Xu, 2012; Zhou & Li, 2000) . The best interpretation is that these granitoids result from melting of mature crustal material (lower Nd-Hf isotopes) triggered by mantle-derived melts (higher Nd-Hf isotopes) that Sr (i) versus εNd (t) ; (b) εNd (t) versus εHf (t) ; (c and d) age versus εNd (t) and εHf (t) , respectively; (e and f) correlation of εHf (t) and εNd (t) as a function of latitude; and (g) Rb-Sr isochron of our samples. The data used to calculate the 87 Sr/ 86 Sr (i) , εHf (t) , εNd (t) , and the reference line of the depleted-mantle (DM) are given in Table A6 . Binary isotope mixing calculations of (b) used the DM data from Salters and Stracke (2004) and the lower continental crust data from Rudnick and Gao (2003) and Shen, Zhu, Liu, Xu, and Ling (1993) . The data of line 1 and line 2 in (c) are from Shen et al. (1993) . Sample symbols are the same as in Figure 4 . The literature data are given in Table A9 [Colour figure can be viewed at wileyonlinelibrary.com] contributed both heat and materials. Furthermore, a simple mixing calculation suggests~20-60% mantle contribution to the petrogenesis of these granitoids in terms of Nd-Hf isotopes (Figure 7b ; Table A6 ).
| The cause of the large SiO 2 /MgO range
We stated above that the large SiO 2 /MgO range of these granitoid plutons represented by our samples resulted from varying extent of fractional crystallization from their respective parental magmas (Figures 4 and 5) . To quantify this interpretation, we applied the Rhyolite-MELTS (Gualda, Ghiorso, Lemons, & Carley, 2012) to model the crystallization processes. We used the composition of the Group 1 sample (FJS14-06host) with the lowest SiO 2 /MgO and 6 wt.% H 2 O to approximate the primitive parental magmas. In summary, the parental magmas of these granitoids were derived from crustal melting induced by mantle-derived melts equivalent tõ 20-60% mantle contribution in terms of Nd-Hf isotopes (Figure 7b ).
The varying extent of fractional crystallization of such parental magmas, as manifested by the varying SiO 2 /MgO ratios of the three groups of granitoid samples (Figures 4, 5, and 8) , formed these coastal granitoids.
| The classification of the granitoids
This is not the focus of the paper, but the discussion is necessary here. In studying the petrogenesis of granites and granitoids, it is common that researchers classify the rocks into M-type, I-type, S-type, and A-type granite/granitoids (Chappell & White, 1992; Pitcher, 1983; Whalen, Currie, & Chappell, 1987) . Such classification has also been emphasized in studying the Cretaceous granitoids along the south-east coast of continental China in the past 20 years Li, Qiu, Jiang, Xu, & Hu, 2009; Liu et al., 2012; Qiu et al., 2008; Wu et al., 2003; Xiao et al., 2007) . However, we show that such classification or "discrimination" diagrams have no significance at least for the granitoids that we studied along the south-east coast of continental China. This is because the tectonic setting of these granitoids is known and tectonically well- 5.3 | Geological background Zhou and Li (2000) proposed that the subducting slab of the paleoPacific Plate steepened (slab rollback) during 180-80 Ma, and varying degrees of mantle wedge melting produced basaltic magmas. These basaltic magmas rose and heated the lower continental crust to produce the felsic magmas parental to the granitoids in the region. Li and Li (2007) although the detailed history of such subduction remains controversial (Deng et al., 2016; Li, 2000; Li et al., 2012; Li et al., 2014; Li, Zhou, Chen, Wang, & Xiao, 2011; Lin, Cheng, Zhang, & Wang, 2011; Mao, Li, & Wang, 1998; Niu, 2014; Shan et al., 2014; Wu, Dong, Wu, Zhang, & Ernst, 2017; Zhao et al., 2015; Zhao, Hu, Zhou, & Liu, 2007) . With all the observations and above discussions considered, we propose that the granitoids in the present study represent the last episode of magmatism associated with the paleo-Pacific Plate subduction beneath continental China at the time of, or shortly before, the trench jam and cessation of the subduction, whose locus is marked by the arc-shaped south-east coastline of continental China (Niu et al., 2015) . This scenario can be readily explained by the subducting slab dehydration-induced mantle wedge melting and basaltic magma generation (Figure 10a ). The basaltic magmas produced in this way ascend and underplate/intrusion of the mature crust, contributing both heat and material for crustal melting and granitoid magma generation, which is also consistent with both mantle and crustal contributions indicated by the Nd-Hf isotopes (Figure 7) . These results confirm previous interpretation Qiu et al., 2008; Qiu, Li, Liu, & Zhao, 2012) and offer a general solution to the petrogenesis of all the Cretaceous granitoids along the south-east coast of the continental China.
An important new observation is that the granitoids show a northward εNd (t) and εHf (t) (Figure 7e ,f) isotopic decrease, which may be caused by several possibilities, as one travels northward, as follows:
(a) There are more terrigenous sediments that contributed to the mantle wedge for the basaltic magmatism in the first place, (b) there are compositional differences of the existing crust, and (c) there is increasing crustal thickness for higher extent of crustal assimilation.
With all factors considered, the best interpretation is the northward crustal thickening, permitting a greater extent of crustal assimilation (Figure 10b ).
| CONCLUSIONS
(1) We report for the first time the zircon U-Pb ages for the Zhaoan (101 ± 3 Ma) and Putian (109 ± 1 Ma) plutons (Figure 3 ). The zircon U-Pb age of the Xiamen pluton (118 ± 2 Ma) agrees with the age data in the literature. These age data on selected granitoid samples and the whole-rock Rb-Sr isochron age of 100 ± 2 Ma (Figure 7 ) on all of the studied plutons together place constraints on the coastal granitoids representing the last episode of the magmatism associated with the paleo-Pacific Plate subduction, with the magmatism ending because of the subduction cessation at ca. 100 Ma.
(2) The origin of the magmas parental to these granitoids is best understood as resulting from paleo-Pacific slab subductinginduced mantle wedge melting, whose basaltic melt intruded/ underplated the crust for the crustal melting and granitoid production ( Figure 10 ). This is manifested by both mantle (20- (4) The northward εNd (t) and εHf (t) decrease is best explained as northward crustal thickening (Figures 7e-f) , which permits enhanced crustal magma assimilation.
(5) The widely used classification or finger-printing geochemical diagrams for granitoids ( Figure 9 ) have no significance, at least for the granitoids that we studied. 
